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Sunday, February 3, 2013 29apartitioning of these three states depends on both force and the degree of super-
coiling. However, the coexistence of these three states has not been described
yet. Here we present a statistical physics model to describe DNA extension in
the three coexisting states by calculating the full partition function. We com-
pare these results to the extension of short DNA molecules at sub-
piconewton force in a range of linking number densities, measured with mag-
netic tweezers. Real-time analysis of the extension of short DNA tethers at con-
stant force and linking number directly shows the dynamics of melting bubble
formation, which we describe as a function of force and twist. Our results pro-
vide a comprehensive picture of the structure of underwound DNA and may
have important consequences for various biological processes, in particular
the ones that depend on local DNA melting, such as the initiation of replication
and transcription.
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The interactions between DNA and charged nanoparticles have transpired into
applications from biosensors to DNA-templated metallization. However, the
process of non-specific DNA binding with NP is difficult to characterize and
is not well understood. We performed molecular dynamics simulations to un-
derstand the mechanisms of DNA-NP interactions and observed that the ligand
chemistry on the NPs has contrasting impact on the helical structure of DNA.
All atom simulations show that uncharged NPs with -CH3 and -NH2 ligand end
groups can only bind to the minor groove of DNA through hydrophobic inter-
actions and do not induce a DNA helical distortion. On the other hand, charged
NPs (from þ6 to þ60) can bind to both major and minor grooves of DNA.
Moreover, while highly charged NPs wrap the DNA tightly, weakly charged
NP can partially denaturate the DNA helix through a collective clustering be-
havior. Overall, we observed that by tuning the ligand chemistry and its density
of GNP we can control the binding modes and the structural mechanics of
DNA.
Platform: Protein Dynamics I
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Processivity clamps are critical for efficient DNA replication in all organisms.
Whereas these clamp proteins can be either dimers or trimers, they all exhibit
pseudo-six-fold symmetry. Each pseudo-monomeric domain is highly con-
served in its tertiary structure even though the primary structures are divergent.
We previously characterized the beta processivity clamp from Escherichia coli
using hydrogen-deuterium exchange mass spectrometry (HXMS), which
probes the solvent accessibility and hydrogen bonding of each backbone amide
hydrogen, except those in prolines and at the first residue. We found that the
three different domains within each monomer displayed different dynamics
and that Domain I, which dissociates from Domain III to open the clamp, un-
derwent partially cooperative local unfolding with a half-life of ~4 h. To deter-
mine how general our observations of a highly dynamic clamp protein were, we
carried out a similar analysis using HXMS to characterize the dynamics of
clamps from bacteriophage T4, the yeast Saccharomyces cerevisiae, archaeon
Thermococcus kodakarensis, plant Arabidopsis thaliana, and human. Thermo-
coccus kodakarensis and Arabidopsis thaliana both have two different PCNA
clamp proteins that show slightly different dynamics. This is especially intrigu-
ing in the case of the two PCNA proteins from Arabidopsis thaliana, as the pri-
mary structures are 96% identical. The different clamps show a wide range of
dynamic properties. Bacteriophage T4 gp45 shows high deuterium uptake and
undergoes widespread local unfolding events with half-lives of approximately
5 min. In human PCNA, local unfolding is observed at the trimer interfaces
with a half-life of about 1 h. The clamp proteins from bacteriophage T4, Ara-
bidopsis thaliana, and human incorporate the most deuterium and are therefore
the most dynamic. We find a striking range of dynamic properties of the clamp
proteins despite their highly conserved tertiary structures.
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Uni Frankfurt, Frankfurt, Germany.Vibrational spectroscopy is a highly sensitive tool to study the structure and
function of proteins. The absorption frequency of particular functional groups
such as azides or nitriles can be sensitive to even small changes in the electro-
static environment. We use the methionine surrogate azidohomoalanine as
a spectroscopic probe, which can be incorporated site-selectively during pro-
tein synthesis. Here we present recent work on the 3rd PDZ domain of PSD-
95, a protein domain of 10.7kDa involved in protein-protein-interaction and
signaling processes. The PDZ domain has various features that make it a suit-
able target for testing the application of an intrinsic azide group as a probe for
the electrostatic environment. The protein displays both alpha-helical and beta-
sheet secondary structure elements and has a hydrophobic peptide binding
pocket. We incorporated azidohomoalanine at six positions in different second-
ary structures, in the interior and at the surface of the protein, as well as close
to the binding pocket. Static IR spectra of all mutants show a clear correlation
of the azide absorption frequency with the hydrophobicity of the surrounding
side chains, the positions of which are known from x-ray structures. Further-
more changes in hydrophobicity upon ligand binding can be monitored, not
only in FTIR data, but also in time-resolved 2D-IR spectroscopy. Using ultra-
fast 2D-IR spectroscopy we are able to measure fluctuations in the protein en-
vironment around our local probe on a picosecond timescale. Our data show
that already on this timescale differences in dynamics upon ligand binding
are induced.
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We present a detailed analysis of the picosecond-to-nanosecond motions of
green fluorescent protein (GFP) and its hydration water using incoherent and
coherent neutron scattering and hydrogen/deuterium contrast. Our results re-
veal that while much of the dynamics in the hydrated protein are connected
to motions of hydration water, there are significant differences in the dynamics
of protein and its hydration water. On the picosecond-to-nanosecond timescale,
the hydration water exhibits diffusive dynamics, while the protein motions are
localized to less than ~3A˚. The beta-barrel structure of GFP differs from pre-
viously studied globular proteins; which may explain the differences observed
in the direct comparison of the atomic displacements (on a timescale of ~1ns)
between GFP and lysozyme. We expand upon this and the recent Biophysical
Journal article on this system with a more in depth analysis of the quasielastic
spectra and a comparison of the data for
GFP to current models for dry and hy-
drated protein motions. Finally, coherent
scattering measurements allow us to com-
ment on the cooperativity of protein and
hydration water dynamics.153-Plat
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Histone chaperones mediate the assembly and disassembly of canonical and
variant nucleosomes. Currently there is little known of the conformational
changes that occur upon chaperone-histone binding, but these are likely to be
key to understanding the mechanism of histone transfer on and off of DNA.
For this study, we focus on the death domain-associated protein (Daxx), a chap-
erone that specifically recognizes the H3.3 histone variant, mediating its depo-
sition into heterochromatin. Using hydrogen/deuterium exchange (H/DX)
coupled with mass spectroscopy to measure polypeptide backbone dynamics,
we have obtained biochemical evidence of a co-folding mechanism of the
Daxx histone-binding domain (HBD) with the H3.3/H4 histone dimer. Mono-
meric DAXX[HBD] undergoes extremely rapid H/DX, exhibiting the behavior
of an unfolded protein. Upon binding to H3.3/H4, both Daxx and the H3.3/H4
subunits are globally stabilized, as measured by H/DX protection of several or-
ders of magnitude. The H/DX rates in the ternary complex are matched at con-
tact points between all three subunits as revealed by crystallography (Elsa¨sser
et al., 2012, in press), suggesting that they sample unfolded/folded states with
the same kinetics throughout the complex. Importantly, Daxx binding stabilizes
the helices of a H3.3/H4 complex in which point mutations disrupt stability in
30a Sunday, February 3, 2013several of the histone fold helices in free H3.3/H4 complexes. In sum, we have
found that DAXX stabilizes a pre-nucleosomal folded form of H3.3/H4 that dif-
fers from its final nucleosome form or its form free in solution. While the steps
in the folding pathway we studied are certainly tied to the mechanism of chro-
matin assembly, so to is the massive destabilization we predict occurs to DAXX
[HBD] upon releasing H3.3/H4 dimers during nucleosome assembly.
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The MDa sized nuclear pore complexes (NPCs) are among the largest molec-
ular machines in eukaryotic cells and constitute a vital transport conduit be-
tween nucleoplasm and cytoplasm. Intrinsically disordered and phenylalanine
glycine rich nucleoporins (FG-Nups) form a selective permeability barrier in
the center of the NPC, through which large molecules can only pass when pig-
gybacked by nuclear transport receptors (NTRs) that specifically interact with
FG-motifs. FG-Nups constitute a complex and distinct non-random amino acid
composition of these FG-motifs and inter-FG linkers, but how such heteroge-
neous sequence composition relates to function and how homotypic interac-
tions between disordered stretches, and transient heterotypic interactions with
folded transport receptors could give rise to a transport mechanism is still un-
clear. This holds true in particular since NTRs seem to bind tightly to FG-Nups
(Kd in the nanomolar range), but at the same time move through a pore that is
densely filled with FG-motifs (> 50 mM FG) within only a few milliseconds.
We have now developed an integrated chemical biology-fluorescence approach
that allows us to study the molecular plasticity of FG-Nups on the single-
molecule level using multi-parameter fluorescence spectroscopy. Despite its in-
homogeneous primary sequence, the FG-domain of Nup153 displays a col-
lapsed coil behavior across its entire amino acid sequence. Surprisingly, it
retains this collapsed conformation even when bound to NTRs as shown by
single-molecule Fo¨rster resonance energy transfer and fluorescence anisotropy.
However, ultrasensitive photo-induced electron transfer experiments combined
with picosecond resolved fluorescence fluctuation analysis revealed the forma-
tion of very flexible and dynamic complexes. Screening different labeling sites
allowed us to detect differential binding modes of the Nup153$NTR interac-
tion. These results have wide implications on how nuclear transport can pursue
specifically and fast inside the nuclear pore complex.
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Motion is involved in a large number of protein functions. For ubiquitin, resid-
ual dipolar coupling (RDC) derived ensembles have suggested it recognizes
binding partners via conformational selection through motions occurring on
the supra tau-c (>4 ns) timescale [1]. Subsequent relaxation dispersion (RD)
studies identified microsecond fluctuations for six backbone atoms [2,3]. How-
ever, it has not been clear if these motions are independent or collective, and
what role side chains play. To address those questions, we have conducted
an in-depth RD analysis of the backbone and side chain methyl groups. This
survey showed a large number of atoms (>30) with microsecond fluctuations.
These atoms are distributed throughout the structure and nearly all show the
same exchange rate, which suggests that ubiquitin undergoes collective motion
involving both the backbone and side chains. The presence of microsecond side
chain motion agrees with previous RDCmeasurements of methyl groups within
ubiquitin [4]. Furthermore, comparison of different methyl nuclei indicates that
the nature of the side chain fluctuations is almost entirely due to changes in ro-
tamer populations. This is borne out in molecular dynamics simulations of
ubiquitin trapped in different conformational states by binding partners [5].
Residues showing RD were significantly more likely to show changes in ro-
tamer populations in the simulations. Put together, this leads to a model where
collective microsecond backbone motion is coupled to redistribution of side
chain rotamer populations. The correlation with binding partner simulations
implicates this motion in conformational selection.
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Protein tyrosine phosphatases (PTPs) are a class of enzymes that catalyze the
dephosphorylation of tyrosine residues. PTPs share a common fold with an ac-
tive site geometry consisting of two loops a P-loop that is responsible for phos-
phate binding and a WPD-loop, named for its consensus WPD sequence, which
includes a critical Asp residue that functions as a general acid/base during ca-
talysis. Comparison of uncomplexed crystal structures with those bound to oxy-
anion ligands shows that the WPD-loop is flexible, alternating between ‘‘open’’
and ‘‘closed’’ conformations. In the closed form, the catalytic Asp residue is
within hydrogen bonding distance of the oxyanion; loop closure is essential
for catalysis.
Two PTPs studied here are YopH a critical virulence factor from Yersinia and
human PTP1B. Each enzyme possesses homologous WPD loops and the chem-
ical step is fully rate limiting yet surprisingly their kcat values differ by an order
of magnitude, with YopH being 10-fold faster. Using NMR spectroscopy (at
pH=6.5, 293K) we have addressed the role of loop motion in the catalytic ac-
tivity of these two PTPs. The first of these, PTP1B is a less powerful catalyst
than YopH with kcat ~ 17s
1. NMR CPMG relaxation dispersion studies re-
markably show that the WPD loop in apo PTP1B closes with kclose = 17 5
8 s1. YopH catalyzes phosphate hydrolysis with a kcat ~100 - 200 s
1. Esti-
mates of the WPD loop exchange rate constant, were made from from Hahn
echo experiments and 1HN-R1r dispersion profiles that suggest kclose =
4005 200 s–1.
Thus, differences in loop closing rates closely correlates with the respective
kcat values in these two enzymes and further suggests a role for the fre-
quency of WPD-loop motion in the catalytic function of protein tyrosine
phosphatases.
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Wide-angle X-ray scattering (WAXS) and neutron spin-echo (NSE) spectros-
copy were used to study of the dynamics of adenylate kinase (Adk) as it un-
dergoes steady state catalytic cycling. Analysis of the WAXS data indicates
that it cannot be completely explained as a combination of open and closed
states and suggests that ADP-bound Adk in solution mostly populates a closed
conformation as demonstrated in earlier NMR studies [1,2,3]. The presence of
other intermediates must be hypothesized to explain the observed data. Corre-
lated internal dynamics on ps-ns timescales for the protein during active cy-
cling appear to be slower than comparable dynamics in the open and closed
states at certain length scales and faster at others. Our NSE results on active en-
zyme catalysis are consistent with the picture of energetic counterweight bal-
ancing on substrate binding. The enzyme appears to shift mobile regions
during active catalysis for subsequent substrate release [4]. These methods
will help define functional motions in proteins. Supported by DOE Great Lakes
Bioenergy Research Center (DOE BER Office of Science DE-FC02-
07ER64494)
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